-This chapter reviews water allocation and management in the western United States. It first introduces the region, and then examines the legal and administrative framework for water management and needs for reform. In general, the water rights legislation in the region has favored those who arrived first or who have the economic power to acquire rights later, with little emphasis on community control and proportional sharing, and with large adverse impacts on instream flows and the environment.
W
ater is a tremendously important resource in the western United States. For approximately 150 years, water issues have been at the core of economic, cultural, and political life in the region. Yet, despite the regional importance of water allocation and management, and the enormous investments in infrastructure and technology, water resource management in the American West is generally based on laws and policies poorly suited to modern demands. To the outside observer looking in, the region offers a wealth of lessons-perhaps more negative than positive.
This chapter reviews water allocation and management in the American West. It begins with an overview of the region, which despite its aridity features extensive agricultural production and rapid population growth. Next, the legal and administrative framework for water management is examined, focusing primarily on the prior appropriation doctrine of water allocation. This leads to a discussion of the region's most pressing management issues, and the opportunities for, and constraints to, meaningful reform.
Groundwater is also an important resource in the American West. As of 2000, groundwater pumping accounts for 25 percent of all withdrawals in the 11 western states, ranging from a high of 51 percent in Arizona to a low of 2 percent in Montana (Hutson et al. 2004) . In many regions, the rate of groundwater pumping exceeds natural rates of renewal, leading to declining aquifers and increasing water stress. Many such problems now exist along the U.S. border with Mexico (Mumme 2000) . Conjunctive management of surface water and groundwater is becoming increasingly sophisticated in the West; however, progress is slow in most regions outside of southern California (Blomquist, Schlager, and Heikkila 2004) .
Total water withdrawals in the West (as of 2000) from streams and aquifers total 480 million cubic meters per day (or 175 billion cubic meters/year), a figure reflecting the whole spectrum of human water uses as well as the fact that most individual water molecules are reused several times by several users as streams travel downstream from the high mountains to the plains and, in most cases, the ocean (Hutson et al. 2004) . Of this amount, irrigation is the major use of both surface and groundwaters, accounting for 75 percent of all withdrawals in the West compared to just 34 percent nationally. Other major demands include thermoelectric power generation (11 percent of withdrawals) and municipal (including domestic) needs (10 percent). Overall water use in the United States has stabilized in the past two decades, owing primarily to industrial efficiency improvements inspired by regulatory and pricing reforms. Still, total per capita withdrawals (for all purposes) in the West of 7,818 liters/day are still quite high by international standards and in comparison to other regions of the United States.
From a demographic standpoint, the West's most noteworthy quality is its rapid growth (U.S. Census Bureau 2001) . From 1950 to 2000, the percentage of Americans living in the West climbed from 13 to 22 percent. During the 1990s alone, the region's population grew by almost 20 percent, with the fastest rates of growth found in the most arid states. Despite the traditional image of the rural westerner, the distribution of the region's 63 million people is highly concentrated in cities-particularly in the "sunbelt" cities of the Southwest (such as Los Angeles, San Diego, Phoenix, and Las Vegas)-making the West the most highly urbanized region of the United States (in percentage terms). This urbanization is expected to continue, with the West adding approximately 1 million new residents per year for the next two decades (U.S. Census Bureau 1997) . Between these population centers lies almost 1.2 million square miles (304 million hectares) of land (excluding Alaska and Hawaii), supporting economies still based on irrigated agriculture, ranching, mining, forestry, and increasingly, tourism. Ownership of much of this land has been retained by the federal government as "public lands," managed by federal agencies for a variety of uses.
Legal and Administrative Framework for Water Allocation
The allocation of water among individual water users is governed primarily by laws and arrangements crafted by the states. The federal government has a strong presence in water issues because of its roles in water development, Indian and international treaty obligations, public lands management, and environmental protection. However, this body of federal law is essentially layered on top of state water law in a frequently awkward and problematic manner. While each western state has slightly different provisions and administrative arrangements, all have systems based on the doctrine of prior appropriation (e.g., see Corbridge and Rice 1999; Tarlock, Corbridge, and Getches 2002) .
The prior appropriation doctrine emerged in California mining camps spawned by the 1849 gold rush. Mining required diverting water to extract and filter ore, but local streams often did not have sufficient flows to support all the potential mining operations. When newly arriving miners built diversion structures upstream of existing mining operations, flows downstream would be diminished or eliminated, rendering these older facilities useless. This practice was seen as inequitable, and discouraged investments in mines and other activities, namely agriculture, dependent on reliable water supplies. It also frequently resulted in violent conflicts, and slowed the settlement of the western territories-a strong national objective. Prior appropriation solved this problem by ensuring that waters, once diverted (or "appropriated") from a stream, would remain available to the original user and would be off-limits to potential future users.
The hallmark of the prior appropriations system is the concept of "first-in-time, first-in-right." This notion allows for the establishment of a priority system to determine the proper allocation of water among users on a stream when supplies are insufficient to satisfy all demands. Priority is based on seniority, meaning that senior rights-holders are those who first established a pattern of water use-as recognized in an administrative permit or judicial decree-as compared to more junior users. Seniority is important because, in a water-short year, senior water rights-holders receive all of their water before any junior water right-holders. Sharing is not a feature of western water allocation. When necessary, a senior water rights-holder may place a "call on the river" requiring upstream junior rights-holders to cease diversions until more senior users receive their full entitlements. This allocation regime normally applies to all recognized surface water rights.
The doctrine of prior appropriation also figures prominently in the groundwater law of most western states (e.g., Idaho, Nevada, New Mexico, Utah, Washington, and Wyoming) (Bryner and Purcell 2003) . However, the laws are highly variable from state to state and from basin to basin within states, as special rules often apply to distinguish between tributary and nontributary groundwater, and to impose protections for aquifers under undue stress or of unusual importance. In many areas, the legal picture is clouded by the mixture of prior appropriation with the application of other doctrines, such as the common law (or absolute ownership) doctrine, which vests great rights to use groundwater to owners of overlying land. Modifications such as the correlative rights doctrine and the so-called American (or reasonable use) doctrine attempt to ensure that all rights-holders have equal opportunities to use water and that such use is limited to what is necessary for reasonable and beneficial purposes.
To administer and manage water rights, most states use systems based on permits issued by state agencies; Colorado is unique in using a system based on judicial decrees. In each system, legal protection is offered to water rights acquired through "appropriation." To obtain a water right through appropriation, a water user must identify unclaimed (that is unappropriated) water in a stream, must develop a structure or system to physically divert the water, and must apply these waters to a beneficial use. The diversion requirement is based on the historic assumption that all legitimate "beneficial uses" are off-stream. All appropriation states consider domestic, agricultural, municipal, and industrial uses to be beneficial, but the list is ever expanding. Recent additions are instream and minimum stream flows for environmental and recreational purposes. Once the diverted water is put to a beneficial use, the right becomes absolute and cannot be defeated by later uses even if they are considered to be more useful, more important, or more valuable.
Water rights acquired through appropriation and officially recognized by permit or decree specify the type and place of use, carry a seniority date corresponding to the date of first diversion and use, and are quantified based on the initial level of use calculated in either volumetric amounts (e.g., acre-feet), rate of flow amounts (e.g., cubic-feet-per-second), or, most helpfully, both.
1 Rights can also be obtained for water storage, with the understanding that water collected during wet periods will be released and consumed in dry seasons. The quantity of water in an appropriative right is the amount of water that is put to a beneficial use in a reasonable time with reasonable diligence. In this respect, diverting more water than reasonably necessary is considered wasteful and inefficient, and is thus not considered part of the water right. By denying rights to water used inefficiently, the legal intent is to remove the incentive for wasteful use. As a practical matter, however, this policy also discourages parties from improving efficiency, as any water saved (or "salvaged") is deducted from the original right. A similar outcome derives from policies calling for unused rights to be forfeited. To avoid loss of valuable water rights, this provision can encourage the perpetuation of some uses past their logical point of termination.
Should an existing or new user require additional water, new appropriations can be initiated only if the stream still contains unappropriated water. Often, finding physically and legally available water requires users to look to distant basins for water, which was not allowed under traditional "riparian" systems derived from the English common law found throughout the eastern and midwestern United States. Prior appropriation allows and thus encourages long-distance water transfers; without this provision, western settlement would be confined to a small number of stream corridors. Many of the West's largest cities, such as Los Angeles and Denver, became possible only because of long-distance water imports.
Once local and neighboring (intrastate) basins are devoid of unappropriated water, satisfying new demands requires purchasing preexisting water rights from willing sellers. In almost all cases, buyers are cities and sellers are farmers, as the vast majority of all water resources in the West are used in irrigated agriculture and, to a much lesser extent, other non-urban applications (Hutson et al. 2004) . Despite the fact that water is a public resource, water rights are private property, and can be bought and sold much like any other commodity in a process known as water marketing. In some states and in some situations, land and water cannot be sold separately; but generally, water rights can be treated separately from land, an idea consistent with provisions that allow long-distance water transfers.
2 When marketbased water transfers occur, the seniority date and quantity of the right is not changed, although the size of the transferred right is limited to the consumptive amount and not the diversion quantity. 3 This provision is essential to ensure that no other water rights-holders are potentially harmed by the transfer. In the marketplace, senior rights are much more valuable than junior rights, since senior rights can be relied on in dry years when junior rights prove worthless. Thus, in water marketing, the purchaser not only can choose the size of the right desired, but by considering the seniority of the right, can also choose the risk of shortage associated with the water supply.
Prior appropriation allows the movement of water between basins within states, but across state lines different rules apply. At this larger scale, allocation decisions can be made by the U.S. Supreme Court, which has devised a doctrine of "equitable apportionment" that calls on states to share water based on a variety of factors including existing use, physical and climatic conditions, availability of storage, economic efficiency, and so on. 4 As conditions change, the Court can reopen decisions and produce new water allocation formulas. Generally, in interstate water allocation disputes, states have sought a more predictable allocation, and have thus turned to interstate water allocation compacts, negotiated by state officials, and ratified by both the participating states and the U.S. Congress. Interstate compacts exist for the following western rivers: Arkansas, Bear, Belle Fourché, Big Blue, Canadian, Colorado, Klamath, La Plata, Pecos, Red, Republican Rio Grande, Sabine, Snake, South Platte, Upper Colorado, Upper Niobrara, and Yellowstone rivers, and on Costilla Creek (McCormick 1994) . Interestingly, at the interstate scale, the states have determined that water marketing is inappropriate and, consequently, it does not occur. A similar situation exists for international rivers in the West governed by treaties. Thus while water reallocation is a dominant trend in western water management, it is a trend confined to the interior of the western states where prior appropriation is paramount.
The prior appropriation doctrine is not only the dominant water allocation mechanism in the West, but it is also the region's de facto water policy, recognized in several state constitutions. The doctrine encourages removing water from streams and putting it to beneficial use as soon and as completely as possible, since latecomers are limited to, at best, junior rights, or are required to purchase rights from more senior users. One of several ways in which this is problematic regards the challenge of environmental protection and water quality management. These concerns are governed primarily by federal laws and programs that encourage leaving water in streams, layered on top of state water allocation regimes encouraging maximum diversion and consumptive use. This conflict is further complicated by the presence of federal water projects originally designed to serve state water rightsholders (mostly irrigators), but increasingly modified to serve other public uses. The net result is an uneasy coexistence of federal and state law.
This conflict is perhaps best illustrated by the concept of "federal reserved water rights." As explained by the U.S. Supreme Court,
[W]hen the Federal Government withdraws its land from the public domain and reserves it for a federal purpose, the Government, by implication, reserves appurtenant water then unappropriated to the extent needed to accomplish the purpose of the reservation. In so doing the United States acquires a reserved right in unappropriated water which vests on the date of the reservation and is superior to the rights of future appropriators.
5
Under this doctrine, the federal government acquired reserved water rights for the national forests, national grasslands, national parks, wilderness areas, wildlife refuges, Indian reservations, military installations, and a variety of other public lands. Collectively, these lands cover approximately half of the western states, including more than 80 percent of Nevada, and more than 72 percent of the Colorado River Basin, the major river of the arid and semi-arid West and the seventh longest river in the United States. 6 It is a longstanding federal policy to try to incorporate federal reserved water rights into state prior appropriation systems. 7 However, few reserved water rights have been quantified, and there is great uncertainty regarding the amount of water necessary to fulfill the purposes of federal land reservations. Because reserved water rights can be quite old and may be quite large, they are difficult to incorporate into the administration of stream systems that are already fully appropriated under state law.
Overview of Major Issues
The American West is home to dozens of water issues-far too many to be fully discussed here. Nonetheless, most water issues in the region can be summarized by a single word: competition. Two types of competition are most salient: between the agricultural/rural and municipal/urban sectors, and between human/economic uses and environmental/nonmarket uses. In both variants, this competition for water is not merely about adequate supply, but about obtaining adequate supplies at desired levels of quality, cost, and reliability. To describe this competition in terms of allocation, therefore, is to ignore the richness of the conflicts; similarly, to distill this competition to matters of water rights is to miss the role of politics, culture, and economics.
At the root of the agricultural/rural and municipal/urban conflict are simple facts of economics and demography. While agriculture accounts for 80-90 percent of the water consumed in most western states, agriculture's relative contribution to Gross State Products continues to decline. In many cases, the value of water in agriculture is several orders of magnitude less valuable than in municipal/industrial applications (National Research Council 1992). In theory, this is a problem that prior appropriation is well adapted to handle, as water and water rights can be moved from user to user through market exchanges. Primarily in just the last two decades, water markets have sprung up throughout the West, particularly in arid regions featuring strong municipal growth (National Research Council 1992; Nichols, Murphy, and Kenney 2001) .
These types of water transfers, however, create many problems. Of particular concern are the economic and social impacts on rural communities dependent on agricultural economies (National Research Council 1992) . Since rights are held by individual farmers and not by the community at large, monies received in water marketing go directly to the farmers, while other members of the community receive no compensation. Thus, while farmers may receive a windfall, water exports can mean economic collapse for all businesses designed to support agricultural production, which in turn can undermine local tax revenues essential to support schools and other governmental services.
This highlights a real paradox in water allocation institutions: while allocations must be flexible to adapt to changing situations and reallocation mechanisms must feature low transaction costs to encourage maximum efficiency, some form of regulation and oversight is needed to minimize, or mitigate for, impacts suffered by various "third parties" outside of the decisionmaking chain. In its purest form, prior appropriation is concerned only with limiting impacts on other water rightsholders (which is done through the priority system); other interests are not considered. Every western state except Colorado has thus enacted some form of "public interest" standard for evaluating transfers. Presumably, such reforms would not be as necessary in allocation systems providing greater community input into water resources decisionmaking.
A more problematic type of competition for existing water allocation mechanisms is competition between human/economic uses and environmental/nonmarket uses. Not only does prior appropriation generally not recognize many values in, or societal obligations to, the environment, it can actively encourage environmental impacts by creating incentives for rapid and complete development of water supplies. This allocation scheme, combined with tremendous investments in water engineering, has had significant impacts on the natural environment.
Water development has fundamentally altered the quantity, quality, and timing of almost all the region's rivers, eliminating or modifying habitat faster than native species could possibility adapt. More than 20 western native fish species have gone extinct in the past century, while an additional 100 species may not be far behind (Tarlock et al. 1998) . Salmon runs of the Pacific Northwest, for example, are perhaps one fifth of historic levels. Similarly, the loss of wetlands has, at times, been extreme-exceeding 90 percent in the Middle Rio Grande, the Colorado River delta (the terminus of the river in Mexico), and elsewhere (Tarlock et al. 1998; Pitt et al. 2000) . The West's hardest working river, the Colorado, is, as author Philip Fradkin (1981) observed, A River No More, but rather a series of reservoirs holding roughly 4 years of flow. As mentioned earlier, part of the challenge in protecting and restoring environmental resources is embedded in jurisdictional conflicts, with prior appropriation based in state law and most environmental protection statutes being federal law. A related parallel is the conflict between private property rights and public rights. These complications ensure that discussions of environmental protection are often transformed into jurisdictional and constitutional debates, often emphasizing philosophical and symbolic content over a serious discussion of science and environmental values.
Reform of Water Allocation and Management Regimes
A rich literature exists identifying potential water law and policy reforms. There are three primary reform perspectives: economic, environmental, and equity.
8 Advocates of the economic perspective generally argue for the treatment of water as an economic commodity, subject to largely unconstrained market exchanges driven by private decisions. Historically, this position has been based primarily on the notion that subsidies-including taxpayer financed water developments and inappropriate pricing policies-and undue restrictions on transfers contribute to growing water scarcities (e.g., see Anderson 1983; Engelbert and Scheuring 1984) . A different focus is characteristic of writings from the environmental perspective, which has at least two major threads (e.g., see Reisner 1986; Bates et al. 1993) . One thread is the preservation ethic, with the corresponding concern over the ecological impacts of dams and development, and the lack of instream flow protections afforded under strict prior appropriation regimes. The other is the concern for pollution, also largely ignored under state water laws focused narrowly on issues of water allocation. The final perspective, equity, is somewhat less distinct or well defined than the previous two, but is equally pervasive in the literature. The equity perspective urges greater protections for excluded values and/or interests (e.g., non-rights-holders, tribes, rural communities, public interests, areas of origin) in traditional water laws and decisionmaking processes (e.g., see Brown and Ingram 1987; McCool 1987; Wilkinson 1989; Getches 1993) .
As a practical matter, these lines of argument are not always compatible with each other, but where they are, they are most politically salient when melded together. For example, the greatest reform of the past quarter-century has arguably been the demise of the dam-building era. For several decades beginning in the 1950s, environmental protection advocates fought massive western water storage and diversion projects with little success, as virtually every major stream in the West was dammed. Only after environmentalists joined forces with fiscal conservatives offended by water development subsidies did meaningful reform take place, bringing dam-building excesses to an apparent end. However, these types of fundamental shifts in law, policy, and management have been exceedingly rare, with most reform being incremental rather than fundamental. Litigation and the expansion of markets, more so than true political leadership, have been at the heart of most progress, although several notable federal and state legal reforms have occurred. Most important at the federal level has been passage and enforcement of environmental legislation, while at the state level, incremental refinements to prior appropriation have brought a broadened definition of beneficial use, a commitment to considering the "public interest" as part of water transfers, and the establishment of modest programs for setting up water rights for instream flow protection (Bell 1997; Gillilan and Brown 1997) .
A variety of additional reforms could potentially improve how the western United States allocates and uses its limited water resources. The lack of an explicit water policy is one obvious area of potential reform. Despite the importance of water to the West, it is often governed with an almost palpable lack of vision or meaningful deliberation, or any set of coordinated principles designed to achieve much more than the nineteenth century goal of western settlement. Integrated water resources planning at large (e.g., basinwide) scales is rare in the western states; most planning is confined to the scale of specific water systems owned and operated by individual water providers, and is often limited to the subject of water supply.
Looking forward, the obvious policy framework is one that emphasizes sustainability-admittedly a difficult concept to define and operationalize, but ultimately more practical than using prior appropriation as a de facto water policy. Recently, the western Water Policy Review Advisory Commission proposed sustainability as the primary principle for twenty-first century water management, arguing for arrangements within which "environmental, social, economic, and cultural values can be supported indefinitely" at "national, regional, and local levels" (Tarlock et al. 1998: xiv) . Underlying this recommendation is the recognition that settlement is no longer the compelling regional objective, but rather, the need is to ensure the long-term viability of lands now occupied and developed. Infusing the sustainability objective into a system built around the priority system is admittedly difficult, but it is nonetheless the challenge currently facing reformers.
To the extent that prior appropriation can be limited to its function as an allocation mechanism, additional reforms are needed to deal with the interrelationships between surface water and groundwater, water quantity and quality, and connections between land use and water management. Several specific reforms are worth pursuing, but ultimately the overarching challenge is to better define the role that water allocation law plays within western water institutions.
The economics of western water are also in need of reform. In fact, no other area of reform is likely to produce as many societal and environmental benefits. Subsidies run rampant in western water, from project financing to water (and energy) pricing (Wahl 1989) . Given that most water in the West is used in agriculture, the greatest room for improvement is in that sector. For example, it is not uncommon for taxpayers to subsidize both the construction and the operation of water projects that deliver water used to grow crops for which there is often insufficient market demand for farmers to recoup their (already subsidized) costs. This system is perpetuated by agricultural "price support" programs that use taxpayer funds to prop up these struggling farms, an action that not only perpetuates many inappropriate water uses, but also creates significant environmental impacts (and environmental remediation expenditures) and hinders international efforts to establish free trade in agricultural products.
Originally, this system may have been appropriate to encourage western settlement, and later could be viewed as a kind gesture to support struggling farmers. But promoting western settlement is no longer a national objective, and this system of chronic subsidies and bailouts has primarily served the interests of large corporate farms, rather than those of the small families presumably targeted for assistance. By ensuring that water costs reflect marginal costs of production as well as the opportunity costs of using water for other uses (including nonmarket uses such as environmental protection), it would be possible to significantly reduce water consumption while reducing the burden on taxpayers. To the extent that subsidies are retained or redirected, they should be used to correct environmental harms, to support farms located in appropriate areas and growing high-demand crops, and to cushion the impacts in areas transitioning from farming to other economic activities. In practice, none of these reforms is simple or painless and progress is slow. However, the logic of the overriding principle is undeniable: government should subsidize only those actions that are in the best interest of its people. In the world of western water, this rule is violated with regularity and at a grand scale. Further reforms are needed in water resources administration. One area of particular concern is the fragmentation of agency roles, responsibilities, and authorities based on political boundaries, functional areas of specialization, and a variety of related intergovernmental factors (Kenney 1997) . With few exceptions, river basins and watersheds are foreign concepts in western water institutions. This fragmentation hinders the emergence of a holistic management perspective, discourages regional water planning, and impedes efforts to consider water and land-use decisions in an integrated fashion.
An even more central problem is the limited opportunities for public input into water decisions. Historically, western water decisions were made almost exclusively by political leaders, water engineers, and pro-development interest groups. In recent decades, many processes have been opened to greater public input, but additional progress is still needed. Limiting decisions to just those parties fortunate to have officially recognized water rights ignores the broad public importance of water.
Still additional reforms are needed in water management, defined here to mean those activities associated with the physical movement and control of water resources, and the actual servicing of customer demands. Here, the tradition is to focus primarily on supply-side management, unduly relegating conservation and other demand-management options to a secondary status. Water managers and political leaders have been hesitant to question water-using practices that are clearly inappropriate in arid and semiarid regions, such as the prolific use of landscaping crops adapted to humid areas and, thus, requiring huge amounts of irrigation. Economic subsidies further repress a more enlightened self-examination of how water is used and valued. Additionally, concern over drought has been taken to extremes in many regions, leading managers to overbuild systems far beyond what economic theory or environmental respect would dictate. Solutions for better management are varied, but typically emphasize limiting demands, strategically managing risk, and considering environmental and related public goods as part of water supply development.
Overall, the types of reforms needed in the American West are those that discourage excessive use, promote conservation and efficiency, and facilitate the reallocation of water from low-valued (mostly agricultural) to high-valued (mostly municipal) uses, all the while remedying past environmental abuses. While there are some opportunities for new development, an honest economic and social evaluation of management options will rarely support new projects as the best alternative. Ensuring that the best choices are made, however, means removing some of the distorted incentives provided by prior appropriation and by subsidies, and in turn, by administrative and management traditions shaped by these pillars of western water institutions. In addition, to the extent that reforms are able to "free up" more water, the West must be prepared to use some of this water to satisfy environmental and other public water demands currently underserved, rather than merely reallocating all saved water to support new growth that may undermine efforts to achieve sustainable water management.
Conclusion
The institutional arrangements controlling water resources in the western United States have been remarkably effective in promoting settlement, and in sustaining population and economic growth. Many nations look to the American West with envy, given the region's extensive network of water projects and its system of water rights that protects the interests of established rights-holders while permitting voluntary water reallocations through market-based exchanges. While these are significant accomplishments, the costs associated with this system-in economic, social, and environmental terms-have been significant, and both the equity and efficiency of the institutional arrangements remain a lingering concern. The story of water in the West continues to be one of winners and losers, and of decisionmaking systems designed, initially, to reward those who arrived first and, additionally, in modern times, those with the economic power to purchase preestablished rights. Arguably, neither principle is an ideal basis for a water allocation regime; other nations (and other parts of the United States) have chosen instead to emphasize principles such as community control and proportional sharing.
Notes
1. An acre-foot is approximately 325,900 gallons, or 1,233 cubic meters. One cubic foot per second is equivalent to 283 liters per second.
